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INTERNATIONAL PRELIMINARY international application No. PCT/NL97/00474 
EXAMINATION REPORT - SEPARATE SHEET 



Section V 

Having regard to the prior art, the subject-matter of claims 1-18 appears to be 
novel and to involve an inventive step. 

The prior art document WO 97 25061 (D1) discloses LPS-deficient Gram-negative 
bacteria and their use in vaccines; these bacteria are LPS-deficient in levels of the 
myristic acid moiety. In the disclosure of the prior art document WO 97 19688 
(D2), it is referred to mutated Gram-negative bacterial pathogens having reduced 
toxicity due to a modification in the region of the fatty acyl chains of lipid A of the 
LPS molecule. Thus the prior art disclosures refer to a deficiency in the LPS 
molecule in order to obtain a de-myristolated LPS which may be used as an LPS 
antagonist of LPS-mediated activation (D1) or to obtain a bacterial pathogen with 
reduced toxicity and retaining the antigenicity of the corresponding wild type 
endotoxin LPS. In fact, the prior art is suggesting the necessity of using vaccine 
formulations containing modified LPS molecules rather than using formulations 
free of LPS. Therefore, the subject-matter claimed is not anticipated by the prior 
art and is not obvious to a person skilled in the art. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



Novel «.u(a..l. or J., an. ucKalivc ...uco.al haclcria a.ul application ihc. e 



eof in vaccines. 



Summary oCihe invention 

Wc round U,.. comrary ,o previous findings wi(h B. coli i, is possible lo 
u,.c„va.c ,l,o ea„y s,a,c oflipid A sy„,„csis of n.ucosal t-ran, ncga.ivc baCeria wi.houl 
con,p,o„,ising cc„ viabill.y. ,n pa„icu,ar d,c gene in MefsserU. was 

n,u>a,cd witbou, con,>,.,„isi„g cell viabilily. The resul.ing W knoekoul n,u.an>s were 
lound ,o be eo„,plelcly LPS-deficicn.. The „,ajor onler „,en,brane proteins (OMPs) were 
delecced n, norn,al an,ou„ls. Also, Jn bu.er men.brane could be discerned in eleclron 
m.cr„grapl,s of uUrathin sections. To our knowledge, .his was .he fi.. i„su.„ce of a viable 
Ciram-nega.ive bac.crial niiilanl coinplelely lacking iji LPS. 

The lindn,g provides in.porlau. in,plicali„„s lor our „nden,.andir,g ol s.mcure 
and biogenesis of .be ou.er n,e,nb,-anc. On a prae.ieal level, .be availabili.y ofLPS-dencien. 
"U„a,„s of pa.b„genic n.ucosal baCeria such as A'. ,„«„„g,v,v,i. opens up new avenues .o 
vaecne developn.en.. I, enables easy isola.io,, of endo.oxin-frce purified pro.eins. ou.er 
u.en,bra„es or even whole-eell |,repara.ions for use in innnunisa.ion. 

Bcick^rouncl inromiation 

Lipopolysaccharide (L1>S) constitutes the outer monolayer of the outer 
.nen.brane of Gram-negative bacteria. As such it Tonus an important con.ponent of the outer 
.nen^branc and has been considered relevant for vaccine puiposes (Verheul et al 1993) The 
.nen,brane-:.nchoring lipid A part is responsible for the well-known endotoxin activity of the 
molecule (Ziihriiiger el al., 1994). 

Such endotoxin activity is undesirable in vaccines. Cunently some preparations 
lo be used .n vaccines are subjected to rigorous, tin.e consuming and costly purification 
procedures in order to ren.ove ,l,is endotoxin activity prior to ti,eir being suitable for use as a 
vaecne. This allows higher doses due to reduced toxicity, ilowever. drastic purification 
.nethods can easily lead to denaturation of protein antigens which need lo retain their native 
confoi-n^alion in order lo induce a.i appropriate-immune response. To date Group A and C 
polysaccharide vaccines are available which have been rendered substantially free of lipo- 
polysaccharide by means of purification. To dale however no whole cell vaccines 
subslantially free of LPS nor OMP vaccines substantially free of LPS have been produced 





TI.C U.nowi„i; rclccncc. ,„„vi.lc dc,.,l. o,' ,„ „, ^^^^ . _ 

P m,.„ac..ai.., p,„Uuc.. Aker. (,985). C.l,lcr(|y87, .„U ,he Eu,opc.„ P.,.„,.copoeia ^„d 
cd,Uon »,e., for „o„.pj„„,c„ici,y" Specifically WHO Tech. Rep. Ser 594:50 1976 deals 
*'l^*«l"ire„ie,Us for a menintjococcal polysaccharide vaccine. 
■ M.„anu will, dcfecs i„ LPS hio.y„,l,e.i. have been described for many 

ucenal species however none of U,ese have been considered as ca„dida.es for a vaccine 
hee o, .he endo.oxie LipidA. All viable „,n.an,s rCain a nrininral lipid A - KDO s.™c.nre 
winch ,s Ihe firs. par. .„ be synlhesised (Rae.z. ,990) in LPS syn.hesis. Thus .hey wonid no. 
be snnable ,„ ove,.on,e .he above-,„e,.i,^n^ prohlcn facing vaccine p..dueers. Above al, 
only condi.ional,y Icha. ,no.a.io.. have been reposed for genes involved in early s.eps o'r 
l.p.d A b,osyn.hesis in /:„./,«■,<■/,/„ c„// ,Rae,. ,990). These nu„a„.s have a n.u.a.ion in 
genes nwolved in early sleps of lipid A biosyn.hesis. This finding s.,gges.ed .ha. .his pa« of 
i- S ,„olecnle is in fac. essen.ial for bacerial grow.h. As such .his finding would be 
cons,de,ed dissuasive by persons skill., i„ .he a„ of producing vaccines of nuna.ing genes 
as50c,a.ed hcrewilh as .he resul.ing mulanl would no. grow. 

■"hibilors Of lipid A biosynlhesis have also been fo.n.d .o lead .o rapid loss of cell viabili.y 
n, E. <..„„ and seve,-al o.her bac.eria (Onishi e. a,. 1 996) .hus supporting ,he abovcnen.ioned 
liypo.hcsis concerning .he essen.ial nature of lipidA biosyn.hesis. 

I., addifion .nodels for biogenesis ofOMPs have been proposed in which .heir 
conee. loldu.g and .a,ge.ing is dc,,endcn. on LPS (Sen and Nikaido, 1 99 , ; Reid e. al 1 990- 
La.rd el al., 1994; de Cock and Tonimassen, 1996). 

WO 97/25061 discloses n,u.an.s of gran,-nega.ive bac.eria having a form of 
LPS dehcen. „, levels ofn.yris.ic acid nioiely. in which ,l,e //uFgene is inhibi.ed. 

WO 97/1 96S8 describes nu..an.s ofgrain-negMive baoleria producing less .oxic 
LPS as a resul. of a nuila.ion in .he liirU gene. 

We previously cloned .he /y«^ gene f,o„, Nas.cn,, n,e„i„gUUUs which encodes 
(he en.y„,e UDP-GleNAc acyl.ransferase re,„ired for .he fi... s.ep in lipid A biosyn.hesis 
<S,eegl,s e. al. 1997). While anen.p.ing ,o ai.er .he fa,.y aeyl speeifici.y of .his enzy.ne by 
cons.n,c.,ng an £. coli-N. n,e,u„giM,s hybrid l,„A gene, we made .he unexpected discovery 
forming liic basis of ilie subjccl invention. 

Detailed description of the invention. 
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CLAIMS 



I. 



Gra,u-.,cgativc nn.lant of a .uucosul hac.crii.ni. ccnprising a .uulalion such that 
a .s viable, is capable ofOMP Ibnnalion and lacks cndotoxic lipopolysaccharidc (LPS), the 



iiuilanl being free of LPS. 



2. Gra.n-negativc muta.U according to claim I con,prising a nu.tation such that it 
is free of Lipid A. 

3. Grani-i.egalivc nuUant acilor^Ji.lg to claim 1 or 2. said bacterium being selected 
from tlie group comprising diplococci. 

4. Gram-negative nn.tant according to any one ofclaims I -3. said bacterium being 
selected from the group comprising gonococci, e.g. N. aonorrhoeac. 

5. Gran,-nega(ive nu.tanl according to any one ofclaims 1-3. said bacterium being 
selected from the group comprising meningococci e.g. N. mcninaiiulLs. 

Granvnegative nu.tant according to claim 1 or 2. said bacterium being selected 
Iroiu the group comj.rising HonU lclla, e.g. JtorJctclla pc'rt,,s.sis. 

7. Gram-negative mutant according to any on of the preceding claims, said mutant 
compnsmg a mutation in at least one gene associated with Lipid A biosynthesis. 

8. Granvnegative nu.lant acc<;r<l"ing to any one of the preceding claims said 
.nutant con,prising a nn.lation in at least one gene associated with the eariy singe of Lipid A 
biosynthesis, said eariy stage being prior to formation of the following structure 




Ii(>-4ll;s() 

j^. I'C l/NLy7/0O4(i4 

<;.a.u-nciia(ivc nuUanl accu.Jing U. any one ol" tho preceding claims, said 
mutant con.prisiui. a n.ulalion in ul least one gene selected Iron, the gronp coniprising tpxA. 
IpxiJ and IpxB, 



5 10. Gram-negative mutant according to any one of the preceding claims, said 

mutant comprising a mutation in at least the gene Ip.K. l. 

11. Attenuated live vaccine against a gram-negative mucosal bacterium said 
vaccne con.prising a mutant according t,^ any one of claims MO as an active component 

10 and a phannaceutically acceptable carrier. 

12. Whole cell vaccine against a gram-negative mucosal bacterium, said vaccine 
con^pnsing a n.utant according to any one of claims 1-10 as an active component and a 
pharniacculically acceptable carrier. 
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13. OMI> vaccine against a gram-negative mucosal bacterium said vaccine 
comprising OMI> derived Iron, a niutant according to any one of claims 1-10 as an active 
component and a phamuiceutically acceptable carrier. 

14. Vaccine according to any one f claims M-13 further comprising an adjuvant. 

15. Vaccine according to any one of claims I 1-14 said vaccine being substantially 
nee of endoloxic I.PS. wherein substantially free is defined as LPS-free according to the 
Liiiuilus assay. 



1 0. A method of producing LPS-free vaccine comprising application of a mutant 

according lo any one of clain.s 1-10 and/or a part derived from said mutant as active 
con.ponent of a vaccine in a manner known per se for preparing vaccine formulations, said 
method being free of measures to remove LPS by purification. 

17. A method of producing LPS^JVee OMP comprising culturing a mutant according 

to any one of claims 1-10 and deriving an OMP comprising fraction from said culture in a 
manner known per se for isolating protein from bacterial culure. said method being free of 



aJditional incasuic:^ lo rciiiuvc LPS rroiii said culluic or OMF comprising fraction, 
•ii- OMP which is free of LPS. 
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Novel mutants of gram negative mucosal bacteria and application thereof 
in vaccines. 

Summary of the invention 

5 

We found that contrary to previous findings with E,coli it is 
possible to inactivate the early stage of lipid A synthesis of mucosal 
gram negative bacteria without compromising cell viability. In particular 
the tpxA gene in N , meningitidis was mutated without compromising cell 

10 viability. The resulting IpxA knockout mutants were found to be comple- 
tely LPS-def icient . The major outer membrane proteins (OMPs) were 
detected in normal amounts. Also, an outer membrane could be discerned in 
electron micrographs of ultrathin sections. To our knowledge, this was 
the first instance of a viable Gram-negative bacterial mutant completely 

15 lacking in LPS. 

The finding provides important implications for our 
understanding of structure and biogenesis of the outer membrane. On a 
practical level, the availability of LPS-def icient mutants of pathogenic 
mucosal bacteria such as N , meningitidis opens up new avenues to vaccine 

20 development. It enables easy isolation of endotoxin- free purified 
proteins, outer membranes or even whole-cell preparations for use in 
immunisation . 

Background information 

25 

Lipopolysaccharide (LPS) constitutes the outer monolayer of the 
outer membrane of Gram-negative bacteria. As such it forms an important 
component of the outer membrane and has been considered relevant for 
vaccine purposes (Verheul et al 1993) • The membrane-anchoring lipid A 

30 part is responsible for the well-known endotoxin activity of the molecule 
(Zahringer et al.. 199^). 

Such endotoxin activity is undesirable in vaccines. Currently 
some preparations to be used in vaccines are subjected to rigorous, time 
consuming and costly purification procedures in order to remove this 

35 endotoxin activity prior to their being suitable for use as a vaccine. 
This allows higher doses due to reduced toxicity. However, drastic 
purification methods can easily lead to denaturation of protein antigens 
which need to retain their native conformation in order to induce an 
appropriate immune response. To date Group A and C polysaccharide 
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vaccines are available which have been rendered substantially free of 
lipopolysaccharide by means of purification. To date however no whole 
cell vaccines substantially free of LPS nor OMP vaccines substantially 
free of LPS have been produced. The following references provide details 
of processes used to date in order to avoid LPS in pharmaceutical 
products Akers (1985). Gabler (198?) and the European Pharmacopoeia, 2nd 
edition *^test for non-pyrogenici ty" . Specifically WHO Tech. Rep. Ser 
59^:50 1976 deals with the requirements for a meningococcal 
polysaccharide vaccine. 

Mutants with defects in LPS biosynthesis have been described 
for many bacterial species however none of these have been considered as 
candidates for a vaccine free of the endo toxic LipidA. All viable mutants 
retain a minimal lipid A - KDO structure which is the first part to be 
synthesized (Raetz. 1990) in LPS synthesis. Thus they would not be 
suitable to overcome the abovementioned problem facing vaccine producers. 
Above all. only conditionally lethal mutations have been reported for 
genes involved in early steps of lipid A biosynthesis in Escherichia coli 
(Raetz 1990). These mutants have a mutation in genes involved in early 
steps of lipid A biosynthesis. This finding suggested that this part of 
the LPS molecule is in fact essential for bacterial growth. As such this 
finding would be considered dissuasive by persons skilled inthe art of 
producing vaccines of mutating genes associated herewith as the resulting 
mutant would not grow. 

Inhibitors of lipid A biosynthesis have also been found to lead 
to rapid loss of cell viability in E.coli and several other bacteria 
(Onishi et al, 1996) thus supporting the abovementioned hypothesis 
concerning the essential nature of lipidA biosynthesis. 

In addition models for biogenesis of OMPs have been proposed in 
which their correct folding and targeting is dependent on LPS (Sen and 
Nikaido, 1991; Reid et al., 1990; Laird et al.. 1994; de Cock and 
Tommassen, I996) . 

We previously cloned the IpxA gene from NeisseTza meningitidis 
which encodes the enzyme UDP-GlcNAc acyl transferase required for the 
first step in lipid A biosynthesis (Steeghs et al . 1997). While 
attempting to alter the fatty acyl specificity of this enzyme by 
constructing an E , coti-N . meningitidis hybrid IpxA gene, we made the 
unexpected discovery forming the basis of the subject invention. 

Detailed description of the invention. 




wo 99/10497 PCT/NL97/00474 

3 

The isolation of the N, meningitidis IpxA gene involved in 
lipid A biosynthesis has recently been reported (Steeghs et al . , 1997). 
The deduced amino acid sequence of the LpxA protein showed homology to 
the E.coli acyl transferase responsible for adding the 0-linked 3-OH 
5 myristoyl chain to UDP-N-acetylglucosamine , which is the first committed 
step in the lipid A biosynthetic pathway (Anderson and Raetz , 1987; 
Coleman and Raetz, 1988). Based on this homology and a comparison of the 
E.coli and .meningitidis lipid A structures it is expected that the 
meningococcal IpxA gene encodes an acyl transferase with 3-OH lauroyl 

10 specificity (Kulshin et al . , 1992). The basis of the different fatty acid 
specificity might conceivably be located in the characteristic 
hexapeptide repeat motif of these acyl transferases which has been 
determined to play a crucial role in the folding of the E.coli protein 
(Vuorio et al . , 199^; Raetz and Roderick. 1995). In an attempt to verify 

15 this hypothesis we constructed a hybrid IpxA gene in which the menin- 
gococcal N- terminal 5-helix domain containing the hexapeptide repeat 
motif was replaced by the corresponding part of E.coli IpxA, followed by 
transformation and allelic replacement of this construct to A^. meningiti- 
dis H44/76. The experimental data for this are provided in the examples 

20 (in particular example 1). 

The results demonstrated that strain H44/76[pHBK30] is a viable 
LPS-deficient mutant. The most likely explanation for this surprising 
discovery seemed to be that the hybrid IpxA gene had become inactive, 
either because of disrupted transcription/ translation in our construct ♦ 

25 or else because the hybrid protein as expressed had lost its enzymatic 
activity. To discern this, we constructed an IpxA knockout mutant. The 
results demonstrated once more that blocking of the lipid A biosynthesis 
pathway in . meningitidis strain H44/76 leads to viable LPS-deficient 
mutants . 

30 This is the first report of a viable Gram-negative bacterial 

mutant completely deficient in LPS. It has the following implications: 

(1) Surprisingly (in view of the above mentioned view of the 
essential nature of lipidA biosynthesis for cell viability) , it is 
possible for some gram negative bacteria to make an outer membrane 

35 without any LPS yet remain viable. Although our results do not exclude an 
involvement of LPS in the OMP forming process, they do demonstrate that 
it obviously cannot be essential. It should be very interesting to study 
the structure of the outer membrane in the IpxA mutant in more detail. 

(2) In E.coli, all mutations affecting the early steps of lipid 
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A biosynthesis that have been described are lethal when expressed. The 
fact that this is not the case in Meningococci opened up the question 
which organism is typical in this respect, and what causes this differen- 
ce. Conceivably, it is related to a different LPS-OMP interaction, which 
5 is also suggested by the observation that whereas deep-rough LPS mutants 
of E.coli and Salmonella typhimuvium show a reduced expression of the 
major OMPs (Koplow and Goldfine, 197^; Ames et al . , 197^). a comparable 
heptose-def icient vfaC mutant of , meningitidis was found to have normal 
expression of the class 1 and 3 porins (Hamstra and van der Ley, 

10 unpublished) . 

We postulate that mucosal gram negative bacteria can in an 
analogous manner be mutated thereby becoming free of endotoxic LPS. 
Subsequently enabling development of LPS free whole cell or acellular 
vacines such as OMP vaccines. The basis for this postulation is found in 

15 the knowledge available to the skilled person concerning the Lipid a 
biosynthesis in mucosal gram negative bacteria. Figure 6 e.g. as derived 
from Raetz 1990 provides a diagram of the early steps in lipid A 
biosynthesis. It reveals the requirement of IpxA and IpxB as enzymes 
required in the early biosynthesis . The enzyme IpxD is also known to be 

20 involved {Steeghs et al 1997)- Knowledge of the nucleic acid sequences 
encoding these genes is available to the skilled person (Steeghs et al 
1997)- Subsequently mutating one or more of the genes encoding the 
enzymes involved in the early stages of LipidA biosynthesis is possible. 
Figure 6 shows the early stages; preferably the mutation will arise such 

25 that no stage leading past the IpxB stage is reached as these products 
already closely resemble Lipid A structure. Preferably the mutation will 
arise as early as possible in the biosynthesis pathway. In most cases the 
genes encoding IpxA, IpxB and IpxD are clustered, Steeghs et al provides 
references disclosing such details for Escherichia coli, Salmonella 

30 typhimuvium^ Yersinia entereocolitica, Haemophilus influenzae and 
Rickettsia rickettsii , Knowledge of the sequences of these microorganisms 
is thus available to the person skilled in the art and homologous 
sequences in other organisms can be found. Both IpxA and IpxD contain a 
characteristic hexapeptide repeat structure [ (I , V,L)GXXXX]n. The IpxB 

35 gene is generally cotranscribed with IpxA and as such can also be readily 
found. The cluster also comprises the fabZ gene which can also be used to 
ascertain the location of the gene cluster involved in Lipid A 
biosynthesis (Steeghs et al 1997). Steeghs et al provide the genbank 
number under which the N , meningitidis sequence data concerning the Lipid 
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A biosynthesis gene cluster is available i.e. U79481. The other 
references mentioned therein covering sequences of other organisms are 
also incorporated by reference. 

There are two possibilities to mutate one or more genes 
5 associated with LipidA biosynthesis. Such mutation can be either such 
that enzyme is produced in an inactive form or such that the gene is 
mutated such that it is not expressed i.e. thereby forming a socalled 
knockout mutant. The manners in which this objective can be achieved are 
numerous and will be readily available to a person skilled in the art of 

10 genetic engineering. Clearly by way of example of such a manner the 
analogous procedure to that employed in the examples can be used for 
different microorganisms and/or different enzymes known to be involved in 
the early stages of Lipid A biosynthesis. The principal of preparing 
knockout mutants in general is well known and can be applied to any of 

15 the genes encoding enzymes active in the early stages of Lipid A 
biosynthesis . 

The subject invention comprises the mutants described above. In 
addition it comprises new vaccines made from such organisms or component 
parts thereof. Such new vaccines are free of Lipid A. Such vaccines can 
20 in fact be completely free of either active or inactive Lipid A. As a 
consequence the vaccines are free of LPS, The Limulus test can be applied 
as described herein to ascertain that a preparation is in fact free of 
LPS. 

Thus a vaccine against a gram negative mucosal bacterium said 
25 vaccine being substantially free of LPS, wherein substantially free can 
be ascertained by the Limulus test, said vaccine comprising a 
microorganism according to the invention as disclosed above as active 
component falls within the scope of the invention. This is a so called 
whole cell vaccine. In addition a vaccine against a gram negative mucosal 
30 bacterium comprising one or more components of the aforementioned 
microorganism which is also substantially free of LPS as defined above is 
covered by the invention. In particular an OMP comprising vaccine 
substantially free of LPS as defined above is covered by the invention. 

A method of producing a vaccine against gram negative mucosal 
35 bacteria employing a microorganism according to the invention and/or 
parts derived therefrom as active component in a manner known per se for 
producing whole cell or acellular vaccines is covered by the invention as 
are the products of said method. The vaccines according to the invention 
will preferably be further characterised by the presence of an adjuvant 
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to enhance the immunogenic activity thereof. A number of adjuvants 
commonly used in vaccines are known. Any of these can be suitably 
applied. Any dosage form and additional components commonly used for 
vaccines, in particular meningococcal vaccines is suitable for the 
5 subject invention. 

Particularly suited target microorganisms are diplococci and 
BoTdetella pevtussis , The diplococci comprise meningococci and gonococci . 
Examples of each category are N , meningitidis and TV. gonowhoeae. Numerous 
other organisms falling within this category are known from Bergeys 
10 Handbook of Determinative Bacteriology. These diplococci are structurally 
closely related and show the same gene structure. Both are interesting 
microorganisms from a vaccination view point as are a number of other 
microorganisms such as Haemophilus influenzae and Movaxella catavvhalis , 

15 Clearly » the construction of IpxA knockout mutants can be 

attempted in other bacterial species known to have LipidA in their 
lipopolysaccharide . 

(3) The availability of LPS-def icient mutants will allow new 
approaches to vaccine development against N .meningitidis and the closely 

20 related pathogen N . gonorvhoeae , as well as any other bacteria as 
mentioned above for which such mutants can be made and isolated. First, 
it will become much easier to purify OMPs or other cell surface 
components without contaminating endotoxin. Secondly the role of LPS in 
meningococcal outer membrane vesicle vaccines, e.g. as adjuvant or in 

25 stabilising OMP conformation (Verheul et al . , 1993; Nakano and Matsuura, 
1995; Poolman, 1995). can now be unequivocally determined and possibly 
taken over by a less toxic compound. Thirdly the use of inactivated whole 
cell vaccines can be investigated using endotoxin-f ree mutants according 
to the invention such as the IpxA mutants. Finally, the possibility to 

30 use LPS-def icient strains as live attenuated vaccines now arises. 

The exact nature of the invention will be further elucidated 
with the following examples. 

Example 1: Construction of an inactive IpxA gene in N, meningitidis 

35 

In two separate PCR reactions the E,coli and N .meningitidis 
part of the hybrid gene were amplified with the Eprl/Epr2 and Nprl/Npr2 
primer, respectively (fig.l). The inside primers Epr2 and Nprl were 
designed so that the ends of the products contain complementary 
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sequences. These products were mixed, denatured and reannaeled in a 
second PGR in which the fused construct was amplified by the outside 
primers Eprl and Npr2, having an Mlul and Spel site respectively (fig.l). 
The resulting PGR product was cloned and its sequence verified. 
5 To test the activity of the hybrid IpxA, this gene was used to 

replace the original IpxA in the meningococcal chromosome (fig.2). For 
this purpose the 1.0 kb Mlul/Spel fragment carrying the wildtype IpxA 
gene in plasmid pLA19 (a pUCl8 derivative with a 1.9 kb IpxD-fabZ-lpxA 
insert) was replaced by the similarly digested hybrid IpxA gene. Subse- 

10 quently* a kanamycin- resistance cassette was ligated into the Mlul site 
located directly upstream of IpxA, resulting in the plasmid pHBK30. 

Transformation of N . meningitidis with linearized pHBK30 

yielded kanamycin -resistant colonies after 24 hours of incubation. These 
mutants died when transferred to fresh GC plates with kanamycin (100 

15 pg/ml). 

By reducing the kanamycin concentration and screening of the 
resulting colonies by PGR amplification of IpxA hybrid-specific fragments 
we finally succeeded in the isolation of viable kanE- H44/76CpHBK30] 
transformants in which the chromosomal IpxA gene had been replaced by the 

20 hybrid construct as shown in fig, 2, 

LPS of the HU4/76CpHBK30] mutant and the wildtype strain was 
compared by Tricine-SDS-PAGE followed by a silver stain for carbohydrates 
(fig. 3). Surprisingly, no LPS could be detected in the hybrid derivative 
by this method , even when higher amounts of cell lysates were loaded on 

25 the gel. 

To get more insight into the structure of the outer membrane of 
H44/76[pHBK30] a panel of LPS and OMP specific mAbs was tested in a whole 
cell ELISA (Table 1). The mutant strain did not bind any of the LPS- 
specific mAbs, whereas the OMP-specific mAbs showed similar binding 

30 patterns for mutant and wildtype. This apparent OMP similarity was 
confirmed when OMGs of H44/76[pHBK30] and H44/76 were isolated and 
analysed by SDS-PAGE (fig. 3). Both strains show equal amounts of the 
class 1, 3 and k OMP; in contrast to the wildtype, the mutant apparently 
also expresses a class 5 OMP. 

35 Since LPS of H44/76[pHBK30] could not be detected with any of 

the methods described above, it became questionable whether it was 
present at all. Therefore, the mutant and wildtype strain were tested in 
a chromogenic Limulus (LAL) assay, with meningococcal medium as a 
negative control. This assay depends on activation of the clotting enzyme 
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cascade in amoebocyte lysate prepared from the horseshoe crab and is 
capable of detecting picogram quantities of endotoxin. The results of the 
LAL assay on cell suspensions showed no significant endotoxin activity 
for H44/76[pHBK30] over meningococcal medium (0.3 and 1.7 EU/ml. 
5 respectively) t in contrast to 21.7x10^ EU/ml for the wildtype. 

Taken together, these results demonstrate that the initial 
attempt to replace the wildtype IpxA gene with the hybrid construct 
resulted in the isolation of what was apparently an LPS-def icient mutant. 
This was further confirmed by gas-chromatography/mass-spectrometry (GC- 

10 MS) analysis of fatty acids present in OMC preparations ♦ which showed 
that the lipid A-specific 3-OH C12 was present only in trace amounts in 
the mutant. As this fatty acid is added in the first step of lipid A 
biosynthesis, its absence demonstrates that the mutant is truly LPS- 
deficient and not just making some incomplete precursor molecule with no 

15 antibody binding or LAL assay activity. 

Although H44/76[pHBK30] is fully viable, a reduced growth rate 
compared to the wildtype strain was apparent. When grown overnight on GC 
agar plates, the mutant strain produced much smaller colonies; in liquid 
medium the doubling time during exponential growth was approximately 50% 

20 higher than in wildtype strain H44/76. 

The morphology of H44/76[pHBK30] and its parent strain was 
examined by electron microscopy of ultrathin sections. In contrast to the 
wildtype, cells of H44/76[pHBK30] were more heterogeneous in size and a 
significant fraction showed signs of lysis. However, the outer membrane 

25 could be clearly discerned in the LPS-def icient mutant {fig.5)» In 
contrast to the somewhat *'baggy" appearance in the wildtype, the outer 
membrane of the mutant showed a "tighter fit", possibly indicating a 
lowered rate of synthesis • 

30 Example 2: Construction of an IpxA knockout mutant 

An tpxA knockout mutant of N .meningitidis was constructed by 
inserting a kanaroycin-resistance cassette into the BstEIl site located at 
position 293 within the IpxA gene of plasraid pLA21 (a pUCl8 derivative 
with a 2.1 kb IpxD-fabZ-lpxA insert). The resulting plasmid pLAK33 was 

35 digested with Xbal/SacI and transformed to strain H^H/jS with selection 
for kanamycin-resistance . As expected, the resulting colonies showed the 
same growth properties as the H44/76[pHBK30] mutant, indicating the lack 
of LPS. This was confirmed by a whole cell ELISA in which the IpxA 
knockout mutant did not bind any of the LPS-specific mAbs . These results 
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demonstrated once more that blocking of the lipid A biosynthesis pathway 
in N. meningitidis strain H44/76 leads to viable LPS-def icient mutants. 

Detailed description of the methods and strains used in the examples. 
5 Where no specific details are provided standard technology has 

been applied. Where references are provided the content thereof is to be 
considered incorporated herein. 



Bacterial strains and plasmids 

10 The E.coli strains NM522 and INVaF* were grown on LB medium at 

37**C. The N .meningitidis strain H44/76 and its derivatives were grown at 
37**C on GC medium base (Difco) supplemented with IsoVitaleX (Beaton 
Dickinson) in a humid atmosphere containing 5% CO2, or in liquid medium 
as described (van der Ley et al., 1993)- For selection of meningococcal 

15 transformants (van der Ley et al . , 1996) kanamycin was used in a 
concentration of 75-100 yg/ml. With E.coli, antibiotics were used in the 
following concentrations: ampicillin, 100 yg/ml ; kanamycin, 100 yg/ml. 
For cloning of PGR fragments, the TA cloning kit with the vector pCRII 
(Invitrogen) was used. Another vector used was pUCl8. 

20 

Recombinant DNA techniques 

Most recombinant DNA techniques were as described in Sambrook 
et al. (1989). Plasmid DNA was isolated using the pLASmix kit (Talent). 
The polymerase chain reaction (PGR) was performed on a Perkin Elmer 
25 GeneAmp PGR system 96OO with Taq polymerase. Sequence analysis was 
performed with an Applied Biosystems automatic sequencer on double- 
stranded plasmid DNA templates (isolated with Qiagen columns) and with a 
cycle sequencing protocol. 



30 LPS analysis 

Tricine-sodium dodecyl sulphate polyacrylamide gel 
electrophoresis was performed in ^% stacking and l6% separating gels as 
described by Lesse et al . (1990). Proteinase K-treated, boiled bacterial 
cells were used as samples. The gels were run for 17 h at a constant 

35 current of 20 mA, and silver stained by the method of Tsai and Frasch 
(1982). The chromogenic LAL assay for endotoxin activity was performed 
using the QCL-1000 kit from BioWhittaker Inc. ( Walkersville, MD, USA) 
according to the instructions of the manufacturer. Overnight cultures 
were diluted in meningococcal medium to an CD at 620 nm of 0.1, and 
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serial dilutions of these stocks were used as samples in the LAL assay. 
For fatty acid analysis by GC-MS, OMC samples were acetylated for 3 h at 
90*^C in pyridine and acetic acid anhydride in order to completely 
dissolve the LPS. The samples were subsequently heated for 3 b at 65^C in 
5 tetrahydrofuran in the presence of LiAlH^j to reduce the 0-linked fatty 
acids to the free alcohols. These were derivatized to TMS-ethers for 1 h 
at 60*^C with BSTFA + 1% TMCS in pyridine, and analyzed by GC-MS on an 
Autospec (Micromass, Manchester, UK) in the electron impact mode. The 
amount of 3-OH C12 in the samples was quantified using 2-OH C12 as 
10 internal standard. 

Characterization of OMP composition 

Binding of mAbs specific for class 1. 3 and 4 OMPs and for the 
oligosaccharide part of immunotype L3 LPS was tested in a whole-cell 
15 ELISA (van der Ley et al . , 1995. 1996). Isolation of OMCs by sarkosyl 
extraction and their analysis by SDS-PAGE were done as described 
previously (van der Ley et al . , 1993)- 

LEGENDS TO THE FIGURES 

20 Figure 1. Construction of H44/76[pHBK30] . Two-step PCR mutagenesis 
leading to the hybrid IpxA gene, with E. coZi-specif ic primers Eprl (ACT- 
GACGCGTGTGATTGATAAATCCGC ) seq. id. nr. 1 and Epr2 
(GTAGGGCGGCACGTCCTGCGCCACACCGGA) seq. id. nr. 2 and N , meningitidis' 
specific primers Nprl (TCCGGTGTGGCGCAGGACGTGCCGCCCTAC) seq. id. nr. 3 and 

25 Npr2 (CGGCCGCTCTAGAACTAGTGGATCA) seq. id. nr. 4. 

Figure 2. Construction of H44/76[pHBK30] . Replacement of the chromosomal 
IpxD-fabZ-lpxA locus with the pHBK30 insert, carrying in addition to the 
E.coli-N .meningitidis hybrid IpxA gene a IcanR selection marker instead of 
the 99 bp region between the Mlul site in fabZ and the start codon of 

30 IpxA . 

Figure 3. SDS-PAGE analysis of H4A/76[pHBK30] . Silver-stained Tricine- 
SDS-PAGE LPS gel of proteinase K-treated whole-cell lysates of Wk^/lS 
(lanes 1 and 8) and six independent kanamycin-resistant transf ormants 
with pHBK30 (lanes 2-7). 
35 Figure A. SDS-PAGE of OMC proteins from H4i|/76[pHBK30] (lane 2) and 
H44/76 wildtype ( lane 3 ) ; lane 1 contains a molecular weight marker of 
94, 67, 43. 30, 20.1 and l4.4 kDa. 

Figure 5- Electron micrograph of an H44/76[pHBK30] thin section, showing 
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the presence of the outer membrane in the absence of LPS. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



5 



(i) APPLICANT: 

(A) NAME: De Staat der Nederlanden 

(B) STREET: P.O. box 1 

(C) CITY: Bilthoven 
10 (D) STATE: Utrecht 

(E) COUNTRY: The Netherlands 

(F) POSTAL CODE (ZIP): 3720 BA 

(ii) TITLE OF INVENTION: Novel mutants of gramnegative mucosal 
15 bacteria and application thereof in vaccines. 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 
20 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release ^1,0. Version #1.25 (EPO) 



25 



35 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2? base pairs 
30 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E. coli 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



10 



15 



20 



30 



35 
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ACTGACGCGT GTGATTGATA AATCCGC 27 
(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: E. coli 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GTAGGGCGGC ACGTCCTGCG CCACACCGGA 30 
(U) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: N. meningitidis 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TCCGGTGTGG CGCAGGACGT GCCGCCCTAC 30 



(5) INFORMATION FOR SEQ ID NO: 4: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 
10 - (A) ORGANISM: N. meningitidis 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
15 CGGCCGCTCT AGAACTAGTG GATCA 25 
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CLAIMS 



1. Gram negative mucosal bacterium comprising a mutation such that 
it is viable, capable of OMP formation and lacks endotoxic 

5 lipopolysaccharide (LPS). 

2, Gram negative mucosal bacterium according to claim 1 
substantially free of LPS. 

10 3* Gram negative mucosal bacterium according to claim 1 or 2 

comprising a mutation such that it is substantially free of Lipid A, 

^, Gram negative mutant according to any of the preceding claims, 

said bacterium being selected from the group comprising diplococci . 

15 

5. Gram negative mutant according to any of the preceding claims, 

said bacterium being selected from the group comprising gonococci, e.g. 
N, gonorrhoeae • 

20 6. Gram negative mutant according to any of claims 1-4, said 

bacterium being selected from the group comprising meningococci e.g. 
N .meningitidis , 

7. Gram negative mutant according to any of claims 1-3. said 
25 bacterium being selected from the group comprising Bordetella, e.g. 

BoTdetella pertussis , 

8. Gram negative mutant according to any of the preceding claims, 
said mutant comprising a mutation in at least one gene associated with 

30 Lipid A biosynthesis. 

9. Gram negative mutant according to any of the preceding claims, 
said mutant comprising a mutation in at least one gene associated with 
the early stage of Lipid A biosynthesis , said early stage being prior to 

35 formation of the following structure 
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10. Gram negative mutant according^ to any of the preceding claims, 
said mutant comprising a mutation in at least one gene selected from the 
group comprising IpxA, IpxD and IpxB . 

11. Gram negative mutant according to any of the preceding claims, 
said mutant comprising a mutation in at least the gene IpxA . 

12. Attenuated live vaccine against a gram negative mucosal 
bacterium said vaccine comprising a mutant according to any of the 
abovementioned claims as active component and a pharmaceutically 
acceptable carrier, 

13- Whole cell vaccine against a gram negative mucosal bacterium 

said vaccine comprising a mutant according to any of the claims 1-11 as 
active component and a pharmaceutically acceptable carrier. 

14. OMP Vaccine against a gram negative mucosal bacterium said 
vaccine comprising OMP derived from a mutant according to any of claims 
1-11 as active component and a pharmaceutically acceptable carrier. 

15. Vaccine according to any of claims 12-14 further comprising an 
adjuvant . 



16. 



Vaccine according to any of the claims 12-15 said vaccine being 
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16. Vaccine according to any of the claims 12-15 said vaccine being 

substantially free of endotoxic LPS, wherein substantially free is 
defined as LPS free according to the Limulus assay. 

5 17. Vaccine according to claim I6 free of LPS. 

18. A method of producing LPS free vaccine comprising application 
of a mutant according to any of claims 1-11 and/or a part derived from 
said mutant as active component of a vaccine in a manner known per se for 

10 preparing vaccine formulations, said method being free of measures to 
remove LPS by purification. 

19. A method of producing LPS free OMP comprising culturing a 
mutant according to any of claims 1-11 and deriving an OMP comprising 

15 fraction from said culture in a manner known per se for isolating protein 
from bacterial cuture, said method being free of additional measures to 
remove LPS from said culture or OMP comprising fraction. 

20. OMP substantially free of LPS. 



20 



wo 99/10497 



PCT/NL97/00474 



1/5 



fig-l 



Eprl Epr2 



mluli 



E.coli IpxA 



Nprl Npr2 



N.meningitidis IpxA 



mlul 



Eprl ^ Npr2 

0— spel 



hybrid IpxA 



SUBSTITUTE SHEET (RULE 26) 



wo 99/10497 



PCT/NL97/00474 



2/5 




SUBSTITUTE SHEET (RULE 26) 



wo 99/10497 




PCT/NL97/00474 



Figuur 3 




SUBSTITUTE SHEET (RULE 26) 



wo 99/10497 




PCT/NL97/00474 



12 3 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIi 



flL. SEARCH REPORT i — 



Interr lal Application No 

PCT/NL 97/00474 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/31 C12N1/20 A61K39/02 A61K39/095 C07K14/22 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61K C12N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


wo 97 25061 A (SQUIBB BRISTOL MYERS CO 
;SOMERVILLE JOHN E JR (US); DARVEAU 
RICHAR) 17 July 1997 
see page 3, line 32 - page 5, line 20 


1,7,8, 
12,13, 
15,16 


X 


WO 97 19688 A (UNIV IOWA RES FOUND ;UNIV 
CALIFORNIA (US); AMERICAN CYANAMID CO (U) 
5 June 1997 

see page 4, line 10 - page 5, line 5 
see page 6, line 29 - page 7, line 7 


1,4-6,8, 

12,13. 

15,16 


X 


EP 0 624 376 A (AMERICAN CYANAMID CO) 17 
November 1994 

see page 2, line 45 - page 3, line 21 

-/-- 


14-17,20 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which Is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international fifing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document ol particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
mentS: such combination being obvious to a person skilled 
in the art. 

document member of the same patent f amity 



Date of the actual completion of thelnternational search 

6 May 1998 


Date of mailing ol the international search report 

26/05/1998 


Name and mailing address of the ISA 

European Patent Office, P.O. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (-t-31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authonzed officer 

Sitch, W 



Form PCT/lSA/210 (second sheet) (July 1992) 



page 1 of 2 



INTFRNATT^B 


LL SEARCH REPORT 






Intert ial Application No 






PCT/NL 97/00474 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation ot document, with rndication.where appropnate, of the relevant passages 



Relevant to claim No. 



STEEGHS ET AL: "ISOLATION AND 
CHARACTERIZATION OF THE NEISSERIA 
MENINGITIDIS LPXD-FABZ-LPXA GENE CLUSTER 
INVOLVED IN LIPID A BIOSYNTHESIS" 
GENE. 

vol . 190, no. 2, 6 May 1997, 
pages 263-270, XP002064116 
cited in the application 
see the whole document 

ODEGAARD ET AL: "SHORTENED HYDROXYACYL 
CHAINS ON LIPID A OF ESCHERICHIA COLI 
CELLS EXPRESSING A FOREIGN 
UDP-N-ACETYLGLUCOSAMINE 0-ACYLTRANSFERASE' 
THE JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 272, no. 32, 8 August 1997, 
pages 19688-19696, XP002064117 
see page 19688 
see abstract 

RAETZ ET AL: "BIOCHEMISTRY OF ENDOTOXINS' 

ANNUAL REVIEWS OF BIOCHEMISTRY, 

vol. 59, 1990, 

pages 129-170, XP002064118 

cited in the application 

see page 147, paragraph 4 - page 148, 

paragraph 3 



* 



1 



Form PCT/[SA/2tO (continuation ot second sheet) (July 1992) 



page 2 of 2 



internatHRal search report 

Information on patent family members 




Inter: lal Application No 

PCT/NL 97/00474 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



uo 


9725061 


A 


17-07-97 


NONE 






wo 


9719688 


A 


05-06-97 


AU 1124697 


A 


19-06-97 


EP 


0624376 


A 


17-11-94 


CA 2123355 


A 


14-11-94 










JP 8019396 


A 


23-01-96 



Form PCT/ISA/210 (patent (amtly aroiGX) (July 1992) 



